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Abstract 
A physiological index is able to evaluate the mental workload of a ship’s bridge teammate; a captain, a duty officer and a 
helmsman, sometime adding a pilot. The facial (nasal) temperature reads the mental workload well, and it has been confirmed by 
the past experiments; however, we do not evaluate a port coordinator, who supports to keep safe navigation in a bay and a 
harbour by supplying an useful information to a navigator, yet. The safe of bay and harbour is kept by teamwork among a ship, a
government, and an agency and so on. We aim at the port coordinator in this study because their information is an important for
safe navigation, and their mental workload shows the traffic condition of the bay and the harbour. Moreover, to understand their
mental workload develops how to supply the useful and efficiency information to the vessels. In this study, we evaluate the nasal
temperature while they serve as the port coordinator. The experiment is carried out at Hakata port radio. We show the nasal 
temperature is fine index to monitor their mental workload. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of KES International. 
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1. Introduction 
We have confirmed a facial (nasal) temperature is useful to evaluate a mental workload of ship’s navigator [1],[2]. 
The facial temperature is easy to measure at limited space, and a seated person by thermo-camera for limiting the 
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movement. The thermo-camera is able to get the data without stress for subjects because they don’t wear any sensor 
on the body. This advantage is important for realizing a monitoring system in a future work. 
The safe of bay and harbor is kept by good teamwork among a government, a pilot and a navigator on the vessel, 
an agency, and so on. The port coordinator contributes to the safe navigation to supply the navigational information 
to vessels. Their works arrange the traffic flow with the navigational information by VHF (Very High Frequency) 
radio communication. We aim at “Port coordinator” who is one of important person for safe navigation of bay and 
harbor, and a study of mental workload of port coordinator does not worldwide yet. 
The port coordinator observes the incoming and outgoing vessels 24hours a day through a year [3]. To achieve 
the essential work at port, which is to observe the vessel movement, and offer the information to harbor authority, 
pilots and other relatives. 
In this study, we challenge to evaluate the mental workload of the port coordinator using the nasal temperature. 
The experiment is carried out at Hakata port radio where is the west side of Japan. This study treats a real situation. 
We show the nasal temperature is fine index for monitoring the mental workload of the port coordinator.  
2. Experiment
2.1. Outline 
An evaluation of the mental workload of port coordinator was carried out at Hakata of west side of Japan. The 
index is the nasal temperature. The subject is a duty port coordinator. The watch of the port radio consists of two 
coordinators, main- and sub- coordinator. In this study, we measured the facial temperature of the main coordinator. 
But we also targeted a freshman to consider a characteristic. The port coordinator watches the vessel traffic by 
Automatic Identification System (AIS) [4], Radio Detection and Ranging (Radar), and Binocular. Of course, they 
can contact directly by VHF radio communication. 
Regarding Hakata port radio, they observe the sea area from a port to a harbor limit, and mainly the traffic route 
(Fig.1: right figure). 
          
Fig. 1. Outline of Hakata Ko. 
The Hakata port radio sets at the top floor of Hakata tower at seaside (Fig.2(a)), the port radio is harbor view, 
and the height of tower is about 100 meters. The port coordinator can watch the port and harbor directly. They can 
confirm the performance of the vessels clearly by binocular like Fig.2(b): the Pure Car Carrier (PCC) is leaving a 
port using two tug-boats (Circle of Fig.2(b)). They always check the target vessel by own eye as double check, if 
they can watch directly. The Hakata port radio has good space for the watch. The AIS also supplies the useful static 
and dynamic information- ship’s name, speed, course, position (latitude, longitude), and so on. The AIS can store 
the data. Fig.3 shows the stored data at entrance of the traffic route, we can see the dynamic data as popup window- 
Harbour limit
Traffic route 
Hakata Port Radio
Fukuoka City
Hakata Ko 
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time, position, speed over ground (SOG) , course over ground (COG), heading (HDG), Ratio of Turn (ROT). They 
can call with the ship’s name, and confirm the accurate performance by AIS. They can triple check using AIS data. 
But small vessel does not set up the AIS. 
                 a                                                   b 
           
Fig. 2.(a) Outline of Hakata port radio; (b) An image of binocular view. 
Fig. 3. An Image of AIS data on display (Stored data). 
2.2. Subject and Data measurement 
A subject is real port coordinator who has real experience of Hakata port radio. Table 1 shows their experienced 
year. A tester measures the facial temperature (Fig.4) of main port coordinator including the nasal temperature (part 
of ‘A’ in Fig.4). Moreover, we record the observed ship’s track (The data of Global Positioning System (GPS)) and 
the ship’s performance (course, speed) by AIS, and the subject’s behavior, conversation (subject’s performance), 
The floor of Port radio
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VHF radio communication by video camera, IC recorder, and taking note. We also analyze their performance with 
work-sampling every second [5],[6]. The specification of the thermos-camera is Table 2.  
The nasal temperature (the nasal point: ‘NP’ of Fig.4) picks up by utilizing the flame line of eye glass (black line 
in Fig.4). The nasal point ‘NP’ in Fig.4 is fixed by the center and bottom line of the frame of eye glass. The subject 
should wear the frame of eye glass while the tester measures the nasal data. We have already confirmed that the 
characteristics of the maximum, mean, and minimum temperature of nasal area for navigators are the same tendency 
from the past experiment [7]. The nasal temperature decreases if the mental workload is high. 
The watch of port coordinator was carried out for 09:00-17:00, 17:00-13:00, and 13:00-09:00. The night watch 
includes a nap for a few hours. The man and women serves the same works. 
Table 1. The subject and their experience as port coordinator. 
Subject Sex Experience (year)
Sub_A Male 18
Sub_B Male 7
Sub_C Female 5
Sub_D Female 3
Sub_E Male 2
Sub_F Male 2
Sub_G Male 0.75
Fig. 4. An image of the measured facial temperature. 
Table 2. The spec. of thermo-camera. 
Range (degrees centigrade) -20  ~  300 
Accuracy (degrees centigrade) 0.1 
Resolution (line) 320 
Scanning line (line) 240 
Distance (meter) 0.3 to inf.
View (degree) H:30.1  V:22.6 
NP
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Table 3 shows the experimental data- subject and experimental time when we measured data. We measured eight 
kinds of data, it is one times every subjects except subject D. The subject D is two times: D1 and D2. 
Table 3. An experimental time for each subjects. 
Measured Data Subject Time (24 hours) 
1 Sub_G 22:19:00  ~  01:55:30 
2 Sub_D1 01:58:30  ~  08:52:00 
3 Sub_A 08:52:30  ~  17:01:00 
4 Sub_C 17:15:30  ~  01:53:30 
5 Sub_E 01:54:30  ~  09:03:00 
6 Sub_D2 09:05:30  ~  17:00:30 
7 Sub_B 17:05:00  ~  02:13:30 
8 Sub_F 02:14:30  ~  06:00:00 
3. Results 
We show the results of the nasal temperature of duty port coordinator every thirty seconds in Figs.5 to 7- Fig.5: 
freshman, Fig.6: middle standing, Fig7: veteran coordinator. The ‘Ϩ’ to ‘Ϯ’ represents typical event during the 
watch. The events are follows: 
[Event in Figures] 
I. A lot of VHF radio communication, confirm a vessel performance by binoculars, and prepare to take over 
watch. 
II. A lot of VHF radio communication, and confirm a vessel performance by binoculars. 
III. A lot of VHF radio communication, confirm a vessel performance by binoculars, and supply the 
navigational information to a vessel. 
IV. A lot of VHF radio communication including a pilot. 
V. VHF radio communication as relay point among the vessels. 
VI. A lot of VHF radio communication including a pilot, and the pilot requests accurate information. 
VII. A lot of VHF radio communication with the vessels, and supply the navigational information to the vessels. 
From Fig.5, the nasal temperature is stable except event ‘Ϩ’ around 1:40㹼1:53. He made a lot of VHF radio 
communication with the vessels; however, it is just report of the passed harbour limit. In other word, he did not need 
any decision-making. The event ‘Ϩ’, he needed to confirm the vessel performance to understand the relation to 
other vessels to take over watch. 
From Fig.6, the nasal temperature fluctuated at 3:43㹼3:53 (event ϩ), 5:15㹼5:44 (event Ϫ), 6:20㹼7:00 (event 
ϫ), 7:20㹼7:55 (event Ϭ), and 8:25㹼8:40 (event ϭ). She made a lot of VHF radio communication with the 
vessels, and needed to confirm the vessel performance, and arranged the vessel traffic flow. After the event Ϫ, 5:40
㹼6:20, the nasal temperature increased dramatically. We think she relaxed while it was not any VHF radio 
communication. 
From Fig.7, the nasal temperature was stable. It is just to find the fluctuated point at 14:00㹼14:30 (event Ϯ).
There was a lot of VHF radio communication during the watch, but it did not represent the remarkable response like 
Fig.6. We think that this result depends on the experienced years. He is a veteran coordinator with high skill, and the 
mental workload was suppressed by the experience. 
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Fig. 5. The result of measured nasal temperature (Subject G: fresh port coordinator). 
Fig. 6. The result of measured nasal temperature (Subject D: middle standing port coordinator). 
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Fig. 7. The result of measured nasal temperature (Subject A: veteran port coordinator). 
From results, the nasal temperature decreased when the port coordinator needs the decision-making for supplying 
the useful information to the vessels, and takes a lot of VHF radio communication for arranging traffic flow in the 
bay and harbour. However, the veteran port coordinator’s is stable in comparison with fresh one. 
4. Conclusion 
We challenged to evaluate the mental workload of the port coordinator using the nasal temperature in a real 
situation of Hakata port radio. In this study, we used the point of nasal temperature which is decided by utilizing the 
frame of eye glass. Perhaps, the index is influenced by the air temperature, but we can get a stable value in the room. 
As a result, we can confirm the effect of the nasal temperature as follows: 
1. The nasal temperature decreases when the port coordinator needs decision-making for arranging the vessel 
positions for safe navigation. 
2. The nasal temperature represents well both of the broad trend and the quick response of the port coordinator’s 
mental workload. 
3. The nasal temperature can measure by thermo-camera, and it is fine for subjects because they are not stress for 
measuring the data. It is especially fine for the limited space and seated subject. 
We have confirmed that the nasal temperature is better for evaluating the port coordinator’s mental workload by 
thermo-camera. 
In future research; 
1. We are going to evaluate the relationship between the kinds of decision-making for arranging safe navigation 
and the response (level and fluctuation) of nasal temperature. 
2. We will make the monitoring system which we can watch the evaluation results in real time. 
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3. We need to decide the nasal point from the thermos-image picture automatically. 
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